Pretreatment of rats with colchicine (3mg/kg body weight) modified the time course of depletion of the cytoplasmic binding sites for ali-clexamethasone after administration of prednisolone (0.5 or 1.5mg/kg body weight). Colchicine also decreased the rate of the cytoplasmic receptor replenishment which was confirmed by application of this drug after completion of the cytoplasmic receptor translocation to nuclei (30win after prednisolone injection). Addition of colchicine to the incubation mixture for in vitro binding of 3H-dexamethasonelabelled liver cytosol to isolated liver nuclei suspended in TKMS buffer (50 mM Tris-HCI, pH7.5, 50mM KCl, 5mM MgCl2 and 250mM sucrose) evoked no measurable changes in the rate of the nuclear binding. Schurn and Webb (1974) reported that colchicine inhibited the transport of RNA from nucleus to cytoplasm in rat liver in vivo. The inhibition was also evident in vitro only if the isolated nuclei were stabilized in the fortified medium (Schum and Webb, 1974). This inhibitory effect of colchicine on the RNA transport was attributed to the constriction of the pore-complexes in the nuclear periphery (Agutter and Suckling, 1982) . Translocation of steroid hormones to the nucleus after binding to cytoplasmic receptor is a necessary step (Edelman, 1975, Gorski and Gannon, 1976) and the replenishment of cytoplasmic receptors after translocation also seems to play an important role (Izawa et al., 1982) in the action of steroid hormones. The replenishment of cytoplasmic receptors after depletion by steroid hormone administration has been mainly attributed. to cycling of the translocated receptors to the cytoplasm (Ishii et al., 1972, Ichii, 1981, but conflicting results, in which net synthesis of the receptor protein is responsible, have been reported (Jungblut at al., 1979, Mester and Baulieu, 1975). However, precise sequences of the cytoplasmic receptor depletion and replenishment following hormone treatment have not been fully elucidated and problems in receptor dynamics have not yet been solved.
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In the present study, the effect of colchicine on the depletion and replenishment of the cytoplasmic glucocorticoid receptors after administration of glucocorticoid was examined in the hope of shedding light on the mechanism of translocation to nuclei, 
Animals and preparation of cytosols and nuclei
Male Wistar rats weighing 150-160g were adrenalcctomized and used for experiments between 7 and 9 days post operation.
In the present study prednisolone was chosen to deplete the cytoplasmic receptors because, with this steroid, replenishment of the cytoplasmic receptor took place promptly (Ichii, 1981) and this allowed us to examine the process of receptor dynamics within a relatively short period. Prednisolone was dissolved in 0.2ml of 30% ethanol-saline solution and administered subcutaneously at the interscapular region of recipient animals. Colchicine was similarly administered at the sacral region as 0.2ml of the saline solution. Animals were sacrificed by decapitation and livers were perfused in situ with isotonic saline via the portal vein. To prepare cytosols, livers were homogenized in 3 volumes ice-cold buffer solution which consisted of 15mM of Tris-HCl (pH7.4), 0.5mM EDTA and 2mM 2-mercaptoethanol (TEM buffer). Homogenates were centrifuged at 800 
Results
Effect of pretreatment of animals with colchidine on 3H-dexamethasone binding sites of liver cytosol after administration of p•ednisolone Injection of prednisolone (0.5 or 1.5mg/ kg body weight) to adrenalectomized rats led to a rapid reduction in 3H-dexamethasone binding in liver cytosols (Fig. la and  b) . At 30min after the injection, the shortest period examined, depletion of the cytoplasmic binding sites for 3H-dexamethasone was maximum and a rapid replenishment of the binding site took place in the following period. Pretreatment of animals with colchicine modified the time course of receptor depletion and replenishment, and maximum depletion was observed 2hr after administration of prednisolone when replenishment of the binding site in the cytosol was apparently observed in the animals that received prednisolone alone.
With a larger dose of prednisolone (1.5mg/kg body weight), the cytoplasmic binding sites for 3H-dexamethasone disappeared almost completely but pretreatment of animals with colchicine prevented the complete loss of the binding sites, approximately 30% of the binding sites remaining in the cytosol (Fig. 1b) .
The rate of replenishment of the binding sites was significantly low in the colchicine treated animals throughout the experimental period but administration of colchicine alone did not alter the level of cytoplasmic binding site at any time after the administration.
Depletion of the cytoplasmic receptor after hormone administration has been explained by translocation of the steroid hormone-receptor complexes to nuclei in various tissues (Mester and Baulieu, 1975 , Anderson et al., 1975 , Van Doorn and Bruchovski, 1978 , Jungblut et al., 1979 , Bloom et al., 1980 , Izawa et. al., 1982 , Schmidt and Litwack, 1982 and for the mechanism of replenishment, recycling of the translocated receptors to the cytoplasm has been proposed (Izawa et al., 1982, Schmidt and Litwack, 1982) . To examine whether the low rate of replenishment is merely the result of a decreased rate of nuclear translocation or whether colchicine induces changes in the process of replenishment also, colchicine was administered 30 min after prednisolone injection (1.5mg/kg body weight) when the cytoplasmic binding site was depleted to a negligible level. As shown in Table 1 , the replenished binding sites were significantly lower in the colchicine administered animals and this clearly indicated that colchicine may also influence the process of releasing the receptor from Effect of colchicine on the binding of 3H-dexamethasone-receptor complexes to nuclei in vitro The depletion of the cytoplasmic receptors after hormone administration is attributable to the translocation of hormone receptor complexes to nuclei. The effect of colchicine on the rate of binding of 3H-dexamethasone-labelled cytosol to isolated nuclei was therefore examined in vitro. No significant effect of colchicine was observed even with high concentrations under conditions used for isolation of nuclei and incubation (Fig. 2) .
Discussion
Colchicine is well known to disrupt microtubules (Wilson et al., 1974) , but its effect on the nuclear transport system is explained by the fact that colchicine binds to the nuclear envelope and causes some structural changes in the pore-complexes (Agutter and Suckling, 1982) . The pore-complexes are generally held to be the sites of rnacromolecular exchange between nucleus and cytoplasm (Schum and Webb, 1974) , so that the inhibition of nuclear translocation of receptor complexes and replenishment of cytoplasmic receptors observed in the present study may indicate the involvement of the nuclear envelope in events which lead to the biological action following administration of steroid hormones. Since compounds that interfere with microtubules or microfilaments, such as cytochalasine or vinblastin, were shown to have no measurable effect on the receptor translocation in the uterus of estrogen-treated rats (Gorski and Raker, 1973) and the evidence that the nuclear envelope contained no tubulin has been proposed (Agutter and Suckling, 1982) , as pointed out previously by Gorski and Raker (1974) , the participation of microtubulues in the intracellular movement of steroid hormore receptors seems less likely .
As to the mechanism of receptor replenishment in the cytoplasm, new receptor synthesis was mainly attributed in the estrogen receptor system (Mester and Baulieu , 1975 , Sarff and Gorski, 1971 , Korach and Ford , 1978 , Jungblut et al., 1979 , while the major role of cycling of the translocated receptors to the cytoplasm was postulated by others in the glucocorticoid receptor system (Ishii et al., 1972 , Aronow, 1978 , Ichii, 1981 , Schmidt and Litwack, 1982 . Administration of colchicine after completion of receptor translocation delays the appearance of the receptors in the cytoplasm (Table 1) . It is quite probable that the rate of new receptor synthesis is depressed to some extent by inhibition of RNA release from nuclei by colchicine, but together with the observation that administration of cycloheximide does not modify the pattern of receptor replenishment (Ichii, 1981) , the results obtained in the present study strongly suggest the interaction of receptors with nuclear envelopes during the process of receptor replenishment, at least in the receptor system for glucocorticoid of the rat liver. In this respect, the findings of the present study are at variance with those of Farman et al. (1984) , King and Greene (1984) and Welshones et al. (1984) . These investigators claimed in the study of mineral corticoid receptor in the rabbit kidney and of estrogen receptor in the tumor cells that the unfilled receptors as well as filled ones reside exclusively in the nuclear compartment. If this is the case with the glucocorticoid receptor in the rat liver also, the interaction of receptors with the nuclear envelope should not be involved. binding of 3.H-dexamethasone-receptor complexes to nuclei suspended in the simple TKMS buffer. This is analogous to the transport of RNA from nuclei where the inhibitory effect of coichicine is observed only if the isolated nuclei are stabilized in the specifically fortified medium (Schum and Webb, 1974, Agutter and Suckling, 1982) . Many investigations including some performed in this laboratory used the nuclear binding of steroid hormone-receptor complexes in vitro in unfortified media as a model system of the nuclear translocation but it does not mimic the in vivo situation in regard to the insensitivity to coichicine. Attempts to develop a colchicin.e sensitive in vitro system for binding of receptor complexes to nuclei, which will allow us to examine the process of translocation to and release from nuclei of steroid hormone receptors in vitro, are under way in this laboratory.
It is widely accepted that most of steroid hormones act by the same intracellular mechanism (Edelman, 1975 , Mainwaring, 1975 , Gorski and Gannon, 1976 , O'Malley et al., 1976 . It will have to be examined whether or not the interaction of steroid hormone-receptor complexes of the nuclear envelope is one of the general sequences in the action of steroid hormones in various target tissues.
